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The herpes virus entry mediator (HVEM) is a member of the 
tumor necrosis factor receptor superfamily (TNFRSF), and 
therefore it is also known as TNFRSF14 or CD270 (1 ,2). In 
recent years, we have focused on understanding HVEM 
function in the mucosa of the intestine, particularly on the 
role of HVEM in colitis pathogenesis, host defense and regu- 
lation of the microbiota (2-4). HVEM is an unusual TNF re- 
ceptor because of its high expression levels in the gut epi- 
thelium, its capacity to bind ligands that are not members of 
the TNF super family, including immunoglobulin (Ig) super- 
family members BTLA and CD160, and its bi-directional 
functionality, acting as a signaling receptor or as a ligand for 
the receptor BTLA. Clinically, Hvem recently was reported as 
an inflammatory bowel disease (IBD) risk gene as a result of 
genome wide association studies (5,6). This suggests HVEM 
could have a regulatory role influencing the regulation of epi- 
thelial barrier, host defense and the microbiota. Consistent 
with this, using mouse models, we have revealed how HVEM 
is involved in colitis pathogenesis, mucosal host defense and 
epithelial immunity (3,7). Although further studies are need- 
ed, our results provide the fundamental basis for under- 
standing why Hvem is an IBD risk gene, and they confirm 
that HVEM is a mucosal gatekeeper with multiple regulatory 
functions in the mucosa. 
[Immune Network 2014;14(2):67-72] 



HVEM REGULATES COLITIS PATHOGENESIS 

HVEM originally was described as a negative regulator in T 
cells (8), because Hvem ' T cells were over reactive in 
vitro exhibiting increased cytokine production. Additionally, 
Hvem ' mice were reported to be more susceptible to con- 
canavalin A (ConA)-induced hepatitis and to experimental au- 
toimmune encephalomyelitis (EAE) (8). However, using an 
animal model of colitis induced by the transfer of CD4 + 
CD45RB h,Bh T cells to immune deficient Ragl mice, we 
and others found that host mice receiving Hvem 7 T cells 
had reduced colitis induction and pathogenesis (Table I) 
(7,9). Therefore, in this model, the function of HVEM in T 
lymphocytes appears to be pro-inflammatory or co-stim- 
ulatory for the T-cell response. Although seemingly contra- 
dictory, these inconsistent results could be partially explained 
by the different functions of HVEM in various immune cell 
types. In ConA-induced hepatitis and EAE, germline Hvem 
mice were used such that the phenotype could not be solely 
ascribed to the function of HVEM in T cells. Instead, the over- 
all phenotype was likely the outcome of different HVEM func- 
tions (both co-stimulatory and co-inhibitory) in various cell 
types involved in these two disease models. In contrast, in 
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Table I. Multiple roles of HVEM in the mucosal immune response 
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the T-cell transfer model of colitis, the genotypes of the donor 
T lymphocytes and the Ragl 7 recipients can be varied to 
determine the effect of a genetic variation specifically in T 
cells. Using this model, we and others found Hvem 7 T 
cells did not expand as efficiently in vivo as wild-type T cells 
after transfer (7,9), implicating intrinsic HVEM signaling in T 
lymphocytes as a requirement for in vivo T-cell expansion, 
and subsequent colitis pathogenesis. There is also a cell in- 
trinsic role for HVEM signals in CD8 + T lymphocytes follow- 
ing exposure to viral or bacterial infections (Table I) (10,11). 
Although the initial expansion of CD8 + T cells was not af- 
fected by the absence of HVEM, long term survival of the 
activated cells and the generation of systemic and mucosal 
memory were impaired. 

As a reciprocal experiment in the T-cell transfer model of 
colitis, we made the unexpected observation that the absence 
of HVEM expression in Ragl 7 hosts led to accelerated and 
exacerbated disease (7). This striking phenotype revealed for 
the first time that HVEM signaling in cells other than T or 
B cells is essential for colitis pathogenesis and likely has an 
important anti-inflammatory role. To gain further insight into 
the cell type expressing HVEM that prevents severe colitis, 
we analyzed recipient mice that were reciprocal Rag 7 bone 
marrow chimeras. These included mice with Rag bone 
marrow transferred to irradiated Rag 7 Hvem 7 hosts, as 
well as the opposite. In mice with Rag 7 bone marrow 
transferred to irradiated Rag 7 Hvem 7 hosts, disease fol- 
lowing T cell transfer was accelerated and more severe, in- 
dicating that HVEM expression in an irradiation resistant cell 



type is responsible for preventing severe colitis. Together, 
these experiments established that HVEM signaling in T lym- 
phocytes as well as in other cells have opposing effects on 
colitis pathogenesis. 

Consistent with our observation that the effects of HVEM 
deficiency on intestinal inflammation are cell type-specific, 
Schaer et al. also showed reduced inflammation when HVEM 
was not expressed in two colitis models: acute administration 
of dextran sodium sulfate (DSS) and the T-cell transfer colitis 
model using Hvem 7 T lymphocytes as donor cells (Table 
I) (9). They further demonstrated that HVEM expression was 
required for the expansion and differentiation of CD4 + T cells 
during intestinal inflammation. The effect of HVEM deficiency 
on donor T cells was more pronounced than what was ob- 
served in our studies, which is likely due to differences in 
the genetic background of the mice as well as environmental 
differences between mouse colonies, including the intestinal 
microbiota. Regardless, their conclusion is consistent with our 
finding that HVEM is co-stimulatory or pro-inflammatory in 
T cells and therefore could promote inflammation. This con- 
clusion is consistent with other observations demonstrating 
that HVEM-mediates NF-zcB activation, which likely provides 
a survival signal for T lymphocyte in vivo such that intrinsic 
HVEM signaling is required for pathogenic T cells to expand 
and mediate inflammation. 

HVEM MEDIATES MUCOSAL HOST DEFENSE 

Our observations in the T-cell transfer colitis model prompted 
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us to further examine the function of HVEM in the intestinal 
mucosa in fully immune competent mice. Oral infection with 
Citrobacter rodentium provides a mouse model for acute at- 
taching/effacing enteropathogenic E. coli infection in humans. 
Infection of wild type mice leads to a well-characterized in- 
nate immune response by the epithelium and IL-22 secretion 
by hematopoietic cells (12,13). The subsequent adaptive im- 
mune responses include Thl7 cells and the secretion of pro- 
tective immunoglobulins (Igs). An attractive feature of this 
model is that lethality and bacterial burdens correlate well 
with the innate response, while colon pathology and bacterial 
clearance correlate well with adaptive response. Therefore, 
the two well-characterized phases during infection facilitate 
the analysis of both innate and adaptive protective immune 
responses in a physiological context. 

Our earlier finding that the lack of HVEM expression in an 
irradiation resistant cell type accelerated T-cell transfer-medi- 
ated colitis in Hvem 7 Ragl 7 recipients (7), prompted us 
to explore the role of HVEM in intestinal epithelial cells. 
Significantly, Hvem mRNA is abundantly expressed by in- 
testinal epithelium, compare to most other TNF receptor fam- 
ily members (preliminary results). Epithelial cells constitute 
the intestinal barrier whose function is essential for prevent- 
ing colitis pathogenesis and defending against mucosal 
infections. We found that Hvem / mice showed higher bac- 
terial burdens in colons and feces, increased inflammation, 
increased bacterial dissemination and reduced survival after 
Q rodentium infection by oral gavage (Table I) (3). We cor- 
related these phenotypes with a reduction in epithelial innate 
immunity in the absence of HVEM expression, including de- 
creased production by epithelial cells of anti-microbial pep- 
tides, chemokines and pro-inflammatory cytokines. Although 
the context is different, our results that HVEM expression by 
intestinal epithelium provides anti-inflammatory and anti-bac- 
terial protection during C. rodentium infection correlates well 
with the role of HVEM expressed by an irradiation resistant 
cell type in Hvem / Ragl recipients, which is required 
for preventing accelerated T-cell transfer colitis. Recently, we 
were able to confirm the importance specifically of epithelial 
expression of HVEM by infecting mice with an epithelium- 
specific HVEM deletion with Q rodentium (preliminary re- 
sults). We also found Hvem / mice had a diminished Thl7 
cell response in the lamina propria leading to impaired bac- 
teria clearance during Q rodentium infection (preliminary re- 
sults, Table I). Together, these results provide strong evi- 
dence that HVEM expression by epithelium is protective and 



important for host defense in the mucosa, while HVEM ex- 
pression by T cells is co-stimulatory or essential for T-cell dif- 
ferentiation and expansion. 

HVEM SIGNALING REGULATES EPITHELIUM AND 
Thl7 CELLS IN THE MUCOSA 

Because HVEM plays such an essential role in epithelial in- 
nate immunity during mucosal infection, we investigated the 
mechanism of HVEM signaling in epithelial cells. Indeed, ei- 
ther in a mouse colonic epithelial cell line, or in colonic frag- 
ment cultures, stimulation with soluble HVEM binding part- 
ners, including either BTLA-Ig or recombinant CD160, in- 
duced the activation of STAT3 (Table I) (3). Epithelial STAT3 
activation promotes the expression of genes important for 
mucosal immunity and host defense in the intestine (14), such 
as the gene encoding Reg3 7 , an anti-microbial C-type lectin. 
The anti-microbial response induced by epithelial STAT3 acti- 
vation provides essential host defense against mucosal bacte- 
rial infection including Q rodentium, as evidenced by the 
ability of Reg3 7-Ig to rescue the lethality in Hvem / mice 
resulting from C. rodentium infection (3). Consistent with 
this, deletion of STAT3 specifically in epithelium leads to im- 
paired Reg3 0/ 7 expression and increased susceptibility to Q 
rodentium infection (unpublished results). Together, these re- 
sults revealed a novel HVEM-STAT3 signaling pathway in the 
epithelium, which is similar to the epithelial IL-22R-STAT3 
pathway. IL-22 interaction with its receptor previously was 
shown to be essential for epithelial immunity and host pro- 
tection from C. rodentium (13). We further determined that 
HVEM-STAT3 signaling pathway, but not IL-22R-STAT3, is de- 
pendent on the NF-zcB inducing kinase (NIK), suggesting that 
these two pathways are independent but likely to collaborate 
to provide optimal STAT3 activation (3). Moreover, the HVEM- 
STAT3 signaling pathway in epithelium is distinct from the 
various types of NF- KB signaling mediated by TNF super fam- 
ily receptors, including HVEM. 

Signals that activate STAT3, including IL-6, IL-21, and IL-23, 
are important drivers of Thl7 cell differentiation, a compo- 
nent of adaptive immunity which is required for anti-bacte- 
rial/fungal immunity. Patients with Hyper-IgE syndrome 
(HIES), characterized by devastating susceptibility to in- 
fections, have dominant-negative mutations of the Stat3 gene 
and impaired Thl7 cell differentiation (15). Importantly, ge- 
nome-wide association studies (GWAS) have identified not 
only Hvem, but also Il-23r and Stat3 as genes linked to in- 
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creased susceptibility to IBD (6). Therefore, an important 
conclusion from our findings is that STAT3 signaling links 
HVEM not only to epithelial innate immunity but also to the 
adaptive Thl7 response, both are essential for mucosal host 
defense and colitis pathogenesis. 

During Q rodentium infection, Hvem 7 mice showed a 
diminished Thl7 response in the lamina propria, resulting in 
impaired bacterial clearance (unpublished results, Table I). 
This is consistent with our result that HVEM co-stimulation 
promotes the differentiation of naive T cells cultured under 
Thl7 conditions in vitro (unpublished results). As in the re- 
sponse of Hvem T cells in the models of DSS or T-cell 
transfer colitis, intrinsic HVEM signaling in T lymphocytes, in- 
cluding Thl7 cells, might be critical for differentiation and ex- 
pansion during the immune response in vivo. We are cur- 
rently testing the response of T-cell specific HVEM conditional 
knockout mice in the context of various models of mucosal 
infection or inflammation to confirm the role of HVEM in T 
cells during the immune response in vivo, 

FUNCTIONAL LIGANDS FOR EPITHELIAL HVEM IN 
THE MUCOSA 

An important question regarding the role of HVEM in epi- 
thelial innate immunity is the identity of the binding partner 
that engages epithelial HVEM and the cell type that provides 
this molecule. HVEM binding to any one of its three ligands, 
which include TNF superfamily member 14, also known as 
Lymphotoxin, shows Inducible expression and competes with 
herpes simplex virus Glycoprotein D for Herpes virus entry 
mediator, a receptor expressed by T lymphocytes (LIGHT), 
BTIA, GDI 60, leads to different biological outcomes, compli- 
cated by the possibility of bi-directional signaling (1). For ex- 
ample, as a ligand, HVEM binding to LIGHT on T cells leads 
to LIGHT-mediated co-stimulation, while HVEM binding to 
BTLA or CD160 on T lymphocytes leads to BTLA/CD16O- 
mediated co-inhibition. As a receptor, HVEM can be engaged 
by either LIGHT, BTLA or CD160, leading to NF-kB activation 
regardless of the ligand. 

During mucosal Q rodentium infection, we found that only 
Hvem mice were more susceptible to infection, but not 
Light / , Btia / or Light 7 Btk 7 mice (3). Interestingly, 
wild-type mice injected with an anti-CDl60 antibody, shown 
to block the HVEM-CD160 interaction, reproduced the pheno- 
type of Hvem 7 mice in Q rodentium infection in terms of 
reduced survival, innate immunity and STAT3 phosphory- 



lation. These results provide evidence that CD160 is the 
non-redundant ligand engaging HVEM in epithelium during 
host defense against bacterial infection (Table I). We found 
that CD160 is mostly expressed by CD8ff« + intraepithelial 
lymphocytes (IEL) while mRNA levels of Light and Btia were 
low in the IEL compartment (3). Therefore, given their pre- 
dominant expression of CD160 and the location of IEL in 
close contact with epithelial cells, it is logical that CD160- 
mediated signaling of HVEM in epithelial cells is important 
for host defense. In addition, the population of CDl60-ex- 
pressing CD8<2ff + IEL rapidly accumulated at the early stage 
of Q rodentium infection (3). While one important function 
of these CDl60-expressing IEL is to engage epithelial HVEM 
for boosting barrier immunity, we still do not fully understand 
the biological functions of IEL during mucosal infection. 
Furthermore, it still has not been determined if the IEL-epi- 
thelial signaling is bidirectional, with HVEM-mediated CD160 
engagement in IEL inducing any biological functions. 
Whether the HVEM-CD160 interaction is regulated at steady 
state is currently unknown. It also remains to be determined 
if there is a continual level of HVEM-STAT3 activation, trig- 
gered by CD160 in IEL, for maintaining epithelial innate im- 
munity, which is boosted by IL-22R mediated STAT3 activa- 
tion after infection, or if the CD160-HVEM interaction is like- 
wise induced. Although the number of CD160 expressing IEL 
does increase after infection, our unpublished data indicate 
that the expression level of either CD160 or HVEM does not 
increase after infection. Furthermore, if such persistent 
CD160-HVEM signaling occurs, how might this interaction in- 
fluence the commensal microflora? 

SIGNIFICANCE AND RELEVANCE 

Our novel findings have revealed new insights about the TNF 
receptor HVEM. Overall, our laboratory has established an es- 
sential role for HVEM in reducing colitis pathogenesis and in 
enhancing mucosal host defense. HVEM-mediated signals 
guard at mucosal surfaces against pathogenic bacteria, and 
HVEM helps to maintain mucosal immune homeostasis, either 
at steady state or during inflammation and pathogenesis. 
Furthermore, the mechanism of HVEM-mediated regulation 
via STAT3 signaling in the mucosa provides a fundamental 
basis for understanding why Hvem might be a potential risk 
gene for IBD pathogenesis and also why HVEM could be a 
promising therapeutic target for boosting host defense and 
regulating inflammation. 
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